order to provide more precise decision-makings for agricultural producers, an intelligent forecasting system is proposed for agricultural applications in this paper, which processes data stream collected from agricultural environment applying WSN (Wireless Sensor Network) technology. Sensor data stream is different from other traditional stream, the former is characterized by real-time, sequential, missing and imprecise. In the proposed system, the sliding window is used to model the sensor data stream, some fuzzy rules are constructed based on expert knowledge, and the fuzzy inference is used to collect different environmental parameter data stream to provide intelligent services for guiding irrigation control, disease prevention or other applications. The proposed forecasting system takes the sensor data stream as research objects and provides quantitative prediction services instead of vague judgments, which is the most useful for agricultural manager.
INTRODUCTION
With the development of communication and hardware technology, especially the wide applied small wireless sensor devices, data acquisition is becoming more and more convenient and automated. Different from traditional applications, many emerging applications, such as agricultural environmental resources monitoring, meteorological satellite remote sensing, electricity supply network and so on, all the time produce large amounts of data continuously, and the data always arrives in a short period of time, that appears in the form of stream, and changes dynamically over time. How to store these stream data in limited storage device and how to mining the data stream to obtain useful information for field applications is the key work. The general stream mining process is shown as Fig. 1 . The input is stream, after the mining process, the output is knowledge.
There are multiple data stream mining and single data stream mining technologies according to the mining objects. In this system, single data stream is the study object, the mining methods of single data stream includes classification, frequent pattern, clustering, and a number of other traditional data mining methods.
Different from traditional data stream, sensor data stream is characterized by [1] : (1) Due to the inherent limitations of battery capacity, communication bandwidth , storage capacity and processing capabilities of sensor network, special sensor data stream processing algorithms and architectures need to be considered. (2) Another serious problem of sensor data stream is the incomplete or inaccurate data due to packet loss or topology changes, but the traditional streaming media data is accurate and error-free. (3) Sensor data stream is only part of the entire stream, such as temperature or light data is usually sampled several times per second, while the sampling frequency is much lower when the stream is interfered, the application will change due to different sampling rate; (4) Applications based on the traditional stream have strong storage and processing capacity of huge data stream, but sensor data stream is usually moderate scale. The distinction is mainly related to the applications using medium-sized data, i.e. thousands sets of data is required only within a specific time.
According to the rapid change characteristics and the application requirements, not all but the data within a certain time frame is processed as the object data. The data stream model can be divided into snapshot model, landmark model and the sliding window model according to the time range selected in the stream process algorithm [2] . Based on the stream model and the mining algorithm, the main stream data mining techniques include summary data structure, sliding window, multi-window, attenuation General data stream mining process.
factor approximation technology and so on [3] .
The traditional mining algorithms and technologies are not feasible for sensor data stream directly. There are some achievements of wireless sensor data stream mining researches. In the literature [4] , a distributed data mining techniques and specific classification algorithms are introduced. The distributed data mining solution is divided into four levels, namely, the top level includes clusters, relevant rules mining, classification and regression mining algorithms. The second level includes the mining categories taking into account the node is mobile or not in the network. The third level is divided into two types according to whether or not considering the transmission performance and capacity efficiency. In each level, different algorithms are introduced as well as their advantages and disadvantages are analyzed. In the literature [5] , the main sensor data streams research directions are introduced, especially the key problems of data storage and collection, the stream access framework and the error sensing data process methods. Different data mining algorithms are studied on side of considering effects on distributed or centralized data processing, including frequent pattern mining, sequential pattern mining, clustering, classification algorithms, and a comparison is made of the goal, advantages, disadvantages and limitations of different algorithms selected at different end, as well as weather need actual experimental data or just artificial data.
Many studies are explored to find knowledge of some field applications based on the real-time sensor data stream. In the literature [6] , the wireless sensor data is collected and the data mining techniques are used to convert the data into useful information, such as the relevance of climate, disease and crop growth. In the literature [7] , wireless sensor networks are used to monitor thrips during the peanut growth process. A model of the occurrence probability between climate parameters and thrips is created, and a knowledge mining architecture is constructed based on wireless sensor data stream. In the literature [8] , a real-time smart health decision-making system is built to describe the human health based on adaptive knowledge mining methods which monitor the health status of the patient's body with real-time wireless sensor data combining with the patient's history of illness records and medical experts knowledge to provide intelligent diagnosis and prediction services for patients and doctors timely.
In the use of fuzzy logic for agricultural application, the literature [9] introduced a precision irrigation in fuzzy control system based on crop water stress acoustic monitoring. Three layer BP neural network was employed to compute weight of five environmental signals collected by sensors which affect output in different degree. Based on conventional fuzzy model, self learning fuzzy model for crop growth was built to tackle with normal irrigation and precision irrigation. In the literature [10] , relationship among crop disease stress, acoustic emission and environmental factors, such as environment temperature, humidity, illumination, CO 2 density was theoretically analyzed. Self-learning fuzzy control system for crop disease stress to precision spraying to field was built in order to strengthen the capability of self-learning to the environment, and to realize intelligent control for crop spraying, accordingly, to reduce pesticide usage amount.
In summary, there are a lot of studies on sensor data stream, most of them focus on the sensor data stream or mining algorithms purely, but few on specific application areas. However, the sensor may be deployed in a particular environment to monitoring environment parameter data, and the environment parameters influence on crop growth or body health directly and seriously, such as human health monitoring intelligent decision-making system, agricultural crop diseases monitoring and intelligent forecasting system. So, to find better intelligent knowledge mining methods based on sensor data stream for field applications is very necessary. Intelligent prediction system based on wireless sensor data stream described in this article is agricultural application-oriented, sensor data stream mining technologies and machine learning algorithms are studied to mining the knowledge with agricultural expert knowledge.
II. SYSTEM ARCHITECTURE
In this paper, an intelligent forecasting system of agricultural applications is proposed, which processes data stream collected from agricultural environment applying WSN technology. There are four main functions: The first is preprocessing sensor stream, including different data forms standardization, outlier elimination and losing data compensation. The second is stream mining. According to different application, different algorithms are selected to find new knowledge. The most important functions are incremental rule learning and application-oriented knowledge mining to provide intelligent services. All the components are integrated into a framework by a web system to users. The architecture of the proposed system is shown in Fig. 2 . Figure 2 .
Architecture of the proposed system.
A. Sensor Data Stream Sampling
Decided by the rapid change characteristic of the data stream, a part of data stream but not all selected within a certain time frame is used in stream mining algorithm. According to the time range, there are three sensor data stream models, they are snapshot model, landmark model and sliding window model [2] . Based on the analysis of the three models, the main stream data mining techniques include summary data structure, sliding window, multi-window, attenuation factor and approximation technology [3] .
In this study, all the algorithms are based on sliding window of one-time scan, a data set is obtained within a period time T , which means T reached tuples are stored in the sliding window [11] . Therefore, the sliding window discussed in this article is time-based which represents a more explicit semantics. Data in the sliding window is updated in every fixed time interval T according to application requirement, and its meaning is we can track the state of the monitored object over the fixed time interval T .
B. Sensor Data Preprocessing
The data collected by sensors always include a large number of vague, incomplete, noise and redundant information, which is needed to remove before is the data is processed. The data collected by the external environment will be influenced and interfered in the transmission process which will lead to noise or error, some data is not want to be got, even lost. How to find the best way to describe the sensor data stream in limited time and resources is a prerequisite for the implementation of sensor data mining. So at the data preprocessing stage, a data stream model must be well selected, and the lost part of the data stream must be compensated which are the foundation of sensor data mining and application-oriented knowledge discovery.
C. Sensor Stream Mining
Data stream is different from static data in traditional database, and sensor data stream is also different from other data stream, which has some special features, although there are a large number of data mining algorithms applied to different areas, most of them are suitable for static data set, or conventional data stream, few fit for sensor data stream. How to build efficient, robust sensor stream mining algorithms is the core of the research project. Particularly in the context knowledge of different application areas, building different stream mining algorithms for different mining tasks is very difficult, such as disease prediction for agricultural application [10] or intelligent diagnosis for body health [8] . There are commonly used algorithms in sensor data stream mining, such as rapid decision tree, clustering [12] [13], classification or other algorithms, which one is the most suitable is the object and knowledge needed to be discovered [14] .
D. Inremental Learning
In addition to obtained knowledge from field experts, the temporary knowledge is dynamically constructed after mining the sensor data and updated to expert knowledge library based on incremental learning model. In the process, there are three important modules shown as follows: (1) 
III. IMPLEMENT OF THE SYSTEM

A. Data Requirement
The main data repository of the proposed system is built. Fig. 3 depicts the entity relationships of sensor data, crop model and aggregation data, composed by 9 tables [15] .
Sensor is the most basic device of generating data in the network. So, the sensor table is the main table, which consists of sensor type, data value, and other information such as date. Each sensor belongs to a node, and each node belongs to a specific management zone, in which the coordinate stores a relevant location within a zone. At the same time, there are different types of sensors in one zone, all the sensor type information is stored in sensortype table. Operation rules are described by the table rule, which contains trip point values that are used by the crop model. In addition, according to the time range of the sliding window, aggregation data is obtained including the MaxValue, MinValue and AverageValue, which is the input of intelligent diagnosis system, and the diagnosis results are stored in diagnosis table.
B. Sensor Data Stream Processing
How to control and adjust environment parameters accurately to insure the crop growing in a best state, or to make effective prediction is a key question for crop growth management. To solve the above problems, the following several aspects must be considered: the first is how to use and express crop model and expert knowledge, the second is how to mining the knowledge hidden in the sensor data set, and the third is how to predict combining with the field knowledge. In the proposed system, the fuzzy inference system is used to predict and diagnose crop growth states based on sensor data stream. The flowchart of sensor data stream processing is shown as Fig. 4 .
(1) Processing sensor data a. Receive sensor data D from gateway; b. According to the flow rate of the data stream, the sliding window scans the data stream with a fixed time interval to get a data stream set, the size of the sliding window is T; c. Decode the data; d. Preprocess the data (denoising, missing values compensation). 
C. Theory of the Fuzzy Inference System
Plant pests or diseases have a great influence on crop growth. The environmental parameter data will immediately be collected by sensors, which is not the crop producers interested in, the real interesting is the knowledge hidden behind these data set, such as an outbreak of disease or how to control the crop growing conditions to prevent the disease occurrence.
Fuzzy inference system is an approximate reasoning method of bionic behavior, which is mainly used to solve the complexity reasoning problems, the input and output of the system are exact value, which can provide clear guidance to crop producers. And its basic configuration consists of a fuzzifier, some fuzzy IF-THEN rules, a fuzzy inference engine and a defuzzifier [16] . The most commonly used fuzzy inference technique is Mandani method and Takagi-Sugeno-Kang (TSK). The Mandani is more widely used mostly because it provides reasonable results with a relatively simple structure, and also due to the intuitive and interpretable nature of the rule base. Fig. 5 shows the four parts of the fuzzy logic system for computing disease outbreak probability: the main parameters of this system are the fuzzy rules for input variables, membership functions () i  for Hypha growth temperature, Spore growth temperature, Humidity and Time duration, and correlation coefficients i  of () i  .
Finally, the disease outbreak probability of time duration T is an output variable. However, choosing the correlation coefficients and membership functions are the main objective of this study. In the Fig. 5 , HT is Hypha growth temperature, ST is Spore growth temperature, HU is humidity, T is time duration and P is the disease outbreak possibility. The input/output fuzzy relations rule l R as the follow:
Fuzzy relationship matrix R is composed of n fuzzy relation rules for this system:
There are many kinds of defuzzification methods, usually maximum membership and centroid techniques are used. In practice, defuzzification is done using center gravity method. It is given by the following formula: According to the formula (1) to (3), the output can be computed by:
In the proposed system, the weight of each rule is the same and 1
D. Implementation of the Fuzzy Inference System
A simple disease outbreak probability prediction system is developed based on rice blast model using Java and Matlab. Paddy is easily to have rice blast under the existing conditions of optimum temperature, humidity, rain, and fog. The suitable hypha growth temperature is 8 ~ 37°C, and the optimum temperature is 26 ~ 28°C. Spore forming temperature is 10 ~ 35°C, optimum temperature is 25 to 28°C, relative humidity is above 90%, and the spore will germinate in the condition of water for 6 ~ 8 hours. The input variables of the fuzzy system are environmental parameters, such as hypha growth temperature, spore forming temperature, humidity, and the output of the fuzzy system is occurrence probability of rice blast, classified into three types, 0~50% is low, 50%~80% is middle, and 80%~100% is high.
The labels of input variables are as follows: Hypha growth temperature = {Low, Optimum, High} Spore growth temperature = {Low, Optimum, High} Humidity = {Low, High} Time duration = {Short, Optimum, Long} The output labels are as follows: Rice blast disease outbreak possibility = {Low, Medium, High}
The triangular and trapezoidal membership functions are selected to model the environmental parameters, the membership functions of hypha growth temperature, spore growth temperature and time duration are represented as [8] Part of the rules is shown in Table1. A group of 10 aggregated sensor data is selected to the proposed system, and the fuzzy reasoning result is shown in Fig. 8 . With the HT, ST, HU and T gradually increased, the P also increased, and when the four environmental parameters are close to the best, the P rises sharply. If HT is set to the best condition from the beginning to the end, the possibility curve has relatively large fluctuation near the highest point. The fuzzy inference result . When the HT and ST are suitable, the occurrence probability of the blast is higher than other conditions, and in the optimum range, the probability is significantly higher than other conditions. In the Fig. 9 to Fig. 13 , keeping one element changed, but the other three factors unchanged to study the influence on the result. From the Fig. 10 , HT is set to 4 degrees Celsius, and in Fig. 11 , ST is set to 5 degrees Celsius, which is less than the appropriate range, so the value of P is decreased greatly at the peak. In Fig. 12 and Fig. 13 , the value of HU and T is set to 80 percent and 2 hours respectively, the value of P declined, but the decline is not so great.
After processing the discrete crop growth parameters collected from the environment, a quantitative reference standard will be provided for agricultural manager to adjust the environmental parameters and to control the crop growth status precisely.
In present study, the confidence factors of all the fuzzy rules are 1, and the influence factor of each environmental parameters on the results is also set to 1, Due to the limitations of the expert knowledge, which is the key or the secondary factor environmental parameters influencing the degree of disease outbreaks is an important problem. 
IV. CONCLUSIONS AND FUTURE WORK
In this paper, an intelligent forecasting system is proposed for agricultural applications, which processes data stream collected from agricultural environment applying WSN (Wireless Sensor Network) technology. Sensor data stream is different from other conditional stream, which is always relative to some field application. So, it's very important to build a forecasting system in order to make better use of these data streams and to provide more precise decision-makings for agricultural producers. The main functions of the system are proposed: sensor stream preprocess, stream mining, the incremental rule learning, application-oriented knowledge mining and intelligent service. At the same time, a fuzzy inference-based intelligent diagnosis method is developed to provide intelligent diagnosis service and event service based on dynamic rule library and expert knowledge library, which will guide irrigation control or disease prevention. All the components are integrated into a framework by a web system to all users. Different from other system, firstly, from the point of view of the data stream, the field knowledge mining technology combined with expert knowledge is studied. Secondly, machine learning algorithms are used to provide quantitative prediction and intelligent services for field applications.
In future studies, an expansion of different models is needed to enrich the model DB, which will make the diagnosis more versatile, and simultaneously expression of crop models and associated expert knowledge needs to be improved, and more effective and performance algorithms will be developed for sensor data estimation and intelligent diagnosis. In addition, the confidence factors of all the fuzzy rules, and the influence factor of each environmental parameters to influence the degree of disease outbreaks are all 1, which affect the accuracy of the results. If the environment parameter is increased, the definition of the rules becomes very complicated, and the number of rules increases exponentially. So, how to determine the coefficients of different rule and the coefficients of different environmental parameter, and how to select good intelligent algorithms and sensor data stream processing methods are the main works in the future works.
